CHAPTER 64 

Disorders of the Nerve Roots, 
Plexuses, and Peripheral 
Nerves 


KEY TEACHING POINTS 

In patients with neck or arm pain, an asymmetric reduction of any deep ten¬ 
don reflex in the arm increases the probability of cervical radiculopathy. The 
ability to fully rotate the neck (>60 degrees) decreases the probability of 
cervical radiculopathy. 

In patients with cervical radiculopathy, the most decisive findings indicating the level 
of injury are weak elbow flexion (C5), diminished biceps or brachioradialis reflex 
or loss of sensation in the thumb (C6), weak elbow extension or diminished triceps 
reflex (C7), and weak finger flexion or loss of sensation in the little finger (C8). 

In patients with suspected carpal tunnel syndrome, diminished sensation in 
the distribution of the medial nerve or a square wrist ratio increases the prob¬ 
ability of carpal tunnel syndrome (as defined by nerve conduction studies). An 
“unlikely” Katz hand diagram decreases probability. 

In patients with lower back and leg pain, the presence of ipsilateral calf wast¬ 
ing, weak ankle dorsiflexion, or a positive crossed straight leg raising maneuver 
all increase probability of lumbosacral radiculopathy. 

In patients with lumbosacral radiculopathy, the most decisive findings indi¬ 
cating the level of injury are diminished knee extension, diminished patellar 
reflex, or a positive femoral stretch test (L2 to L4); an asymmetric medial 
hamstring reflex or diminished sensation on the dorsum of the foot (L5); and 
ipsilateral calf wasting or a reduced Achilles reflex (SI). 


I. INTRODUCTION 

Nerve roots destined to innervate the limbs exit through vertebral foramina and 
intermingle in plexuses (i.e., the brachial and lumbosacral plexuses) before emerging 
as peripheral nerves that extend to the fingers and toes. Lesions anywhere along this 
pathway—from spinal nerve roots to the final peripheral nerve branch—produce 
combinations of pain, lower motor neuron weakness, and sensory loss. 

A lesion in the nerve root is called a radiculopathy; one in the plexus, a plexopa- 
thy; and one in the peripheral nerve, a peripheral neuropathy. This chapter explains 
how to distinguish these lesions in patients with nerve complaints of the arms or 
legs. Because the neuroanatomy of these lesions is complex, accurate diagnosis 
requires systematic examination of all the limb’s muscles, sensations, and reflexes. 
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596 PART 12 NEUROLOGIC EXAMINATION 


II. THE ARM 

A. INTRODUCTION 

In patients presenting with nerve complaints of the upper extremity, the most com- 
mon neurologic diagnosis is carpal tunnel syndrome, followed by polyneuropathy, 
ulnar neuropathy, and cervical radiculopathy. ' Other focal neuropathies and 
plexopathies are less common. Most cervical radiculopathies affect the C6 or C7 
root. 4 ' 7 

B. NEUROLOGIC FINDINGS 

I. MOTOR 

Most muscles of the arm are innervated by nerves from more than one spinal 
segment. Fig. 64.1 presents the relationship between the different peripheral 
nerves (grouped in rows) and their corresponding spinal roots (in columns). 
The spinal levels listed in Fig. 64-1 are based on several lines of evidence, 
including Bolk’s detailed dissection of a single human subject, 8,9 electrodiag- 
nostic studies, 10,11 and bedside observations of patients with documented spinal 
root lesions. 5,12 
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FIG. 64.1 INNERVATION OF THE MUSCLES OF THE ARM. This figure indicates those 
spinal levels that usually (dark blue shade ) and sometimes (light blue shade ) contribute to the cor¬ 
responding muscle; based on references 4, 5, and 8 to 14. 
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CHAPTER 64 DISORDERS OF THE NERVE ROOTS, PLEXUSES 597 


A. RADICULOPATHY 

Even though most muscles receive innervation from more than one spinal nerve 
root, injury to one root is usually sufficient to cause a significant loss of power. The 
motor examination of radiculopathy has two characteristics: (1) Weakness affects 
two or more muscles from the same spinal segment but different peripheral nerves 
(i.e., all of the weak muscles are in the same column in Fig. 641). For example, a 
C6 radiculopathy may simultaneously weaken elbow flexion (biceps muscle, mus¬ 
culocutaneous nerve) and wrist extension (radial and ulnar wrist extensors, radial 
nerve). 5 (2) Weakness may involve muscles innervated by proximal nerves , which 
are listed in the top rows of Fig. 64-1. Proximal nerves originate from the nerve 
roots but then promptly innervate muscles of the shoulder, thus moving away from 
the course of the peripheral nerves of the arm. Therefore if a muscle innervated by 
one of these nerves is weak in a patient with nerve complaints of the arm or hand, 
the lesion must be a proximal one near the nerve roots. A common example is 
the finding of scapular winging (i.e., weak serratus anterior muscle, long thoracic 
nerve) in a patient with arm pain and triceps weakness. Involvement of the serratus 
anterior points to the C7 root and away from the radial nerve or brachial plexus. 15 

B. BRACHIAL PLEXOPATHY 

Lesions of the brachial plexus cause simultaneous weakness of muscles from two or 
more adjacent spinal segments (i.e., adjacent columns in Fig. 64-1) and from two 
or more peripheral nerves. Brachial plexus lesions usually affect either the upper 
plexus (C5 to C6) as a group, causing weakness of the shoulder and upper arm but 
sparing all muscles of the hand, or the lower plexus (C7 to T1) as a group, affecting 
all muscles of the hand but sparing those of the shoulder and upper arm. 

C. PERIPHERAL NERVE DISORDERS 

These lesions weaken two or more muscles from a single peripheral nerve (which 
may have different spinal segments) and spare muscles from other nerves. For exam¬ 
ple, a complete radial nerve injury weakens the brachioradialis muscle (C5-C6),* 
elbow extension (triceps, C7), wrist extension (wrist extensors, C6-C7), and finger 
extension (finger extensors, C8). 

In Fig. 64.1, the muscles belonging to each peripheral nerve are listed in the 
order that their branches diverge from the main trunk. Therefore a proximal lesion 
of the radial nerve in the axilla would cause the findings described in the previous 
paragraph, but a lesion of the radial nerve at the elbow, after the branch to the bra¬ 
chioradialis muscle, spares the triceps and brachioradialis but weakens more distal 
muscles (i.e., wrist and finger extensors). 

Some peripheral nerve lesions can be recognized at a glance, such as the wrist 
drop of radial neuropathy (Fig. 64-2) and the claw-hand appearance of ulnar neu¬ 
ropathy (Fig. 64-3). A callus over the hypothenar eminence in a patient with ulnar 
muscle weakness suggests damage to the deep branch of the ulnar nerve caused by 
chronic pressure on the heel of the hand from bicycling or using a walker. 1516 

2. SENSORY FINDINGS 

Radiculopathy causes sensory loss in a dermatomal pattern (see Table 62.1 and Fig. 
62.1 in Chapter 62). Brachial plexus lesions cause sensory loss from adjacent der¬ 
matomes. Peripheral nerve lesions cause the sensory loss described in Fig. 64-4. 


* Testing elbow flexion with the forearm midway between supination and pronation reveals 
brachioradialis weakness . 14 
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598 PART 12 NEUROLOGIC EXAMINATION 



FIG. 64.2 WRIST DROP OF RADIAL NEUROPATHY. This patient has a right radial nerve 
palsy, thus cutting off the strength of the patient's wrist and finger extensors and causing the hand to 
droop downward from its own weight. 



FIG. 64.3 CLAW HAND OF ULNAR NERVE PALSY. All metacarpophalangeal joints are 
hyperextended because of paralysis of all interossei and unopposed action of finger extensors (radial 
nerve). The hyperextension is less prominent in the index and middle fingers because the lumbri- 
cals of these digits, innervated by the median nerve, act to flex the joint. Tethering from the flexor 
tendons causes all interphalangeal joints to flex. 


One pure sensory syndrome of the arm is cheiralgia paresthetica, from injury to 
the superficial branch of the radial nerve, usually because of too tight a wristband 
or handcuffs. Sensory findings are confined to the radial aspect of the dorsal hand. 1 * * * ' 

3. REFLEXES 

The three muscle stretch reflexes of the arm are the biceps (musculocutaneous 
nerve, C5-C6), brachioradialis (radial nerve, C5-C6), and triceps (radial nerve, 
C7-C8).' Therefore the finding of abnormal reflexes excludes both median and 
ulnar neuropathies (nerves lacking reflexes) and instead increases the probabiT 
ity of radiculopathy or plexopathy. Radial nerve lesions usually spare the bra- 
chioradialis and triceps reflexes because the branches to these muscles diverge 
from the main trunk proximally in the axilla, and most injuries to this nerve 
occur at a more distal point (e.g., humeral fracture, or Saturday night palsy). 


1 Even though weakness of the triceps may follow lesions in the C6 or C7 roots (C7 is most 

common; see Fig. 64.1), the absent triceps jerk usually results from C7 or C8 lesions. 5 
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Musculocutaneous nerve 


Radial nerve (proximal) 



three figures on the left depict the volar surface of the arm; the three on the right, the dorsal surface. 
Proximal lesions of the radial nerve (upper right), near the axilla (and above the origin of the poste¬ 
rior cutaneous nerves of the arm and forearm) affect sensation of the posterior arm, forearm, and 
hand; more distal lesions in the radial nerve (e.g., at the elbow) affect only the dorsal hand. Proximal 
lesions of the median nerve affect both palm and fingers; more distal ones (e.g., in the carpal tunnel) 
affect just the fingers. The sensory innervation of the medial arm and forearm derives from cutane¬ 
ous nerves that branch directly off the brachial plexus. 


4. PROVOCATIVE TESTS 

One traditional test for cervical radiculopathy is the Spurling test, or neck com¬ 
pression test. In this test, the clinician turns and tilts the patient’s head and neck 
toward the painful side and then adds a compressive force to the top of the head. 18 
Aggravation of pain is a positive response. The Tinel sign and Phalen sign are 
provocative tests traditionally used to diagnose carpal tunnel syndrome. (See the 
section titled “Diagnosis of Carpal Tunnel Syndrome.”) The Katz hand diagram (for 
carpal tunnel syndrome) appears in Fig. 64-5. 

C. ADDITIONAL DIAGNOSTIC CLUES 

1. THE CLAVICLE 

The brachial plexus lies just behind the clavicle. Therefore additional physical 
findings in the supraclavicular space—such as mass, adenopathy, hemorrhage, 
or other evidence of trauma—suggest injury to the brachial plexus. Trauma 
above the clavicle injures roots; that below the clavicle injures peripheral 
nerves. 

2. HORNER SYNDROME (SEE CHAPTER 21) 

An associated Homer syndrome (i.e., ipsilateral small pupil and ptosis) indicates 
radiculopathy (C8-T1) or a lesion of the lower brachial plexus. 
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Classic pattern Probable pattern Unlikely pattern 

FIG. 64.5 KATZ HAND DIAGRAM. The Katz hand diagram is a self-administered diagram of 
the hand that depicts the patient’s symptoms: the “classic" pattern (example, left ) describes symp¬ 
toms affecting at least two of digits 1,2, or 3 but sparing the palm and dorsum of the hand (digit I is 
the thumb; digit 5 is the little finger); the “probable” pattern is similar to the classic pattern, although 
palm symptoms are allowed; the “unlikely" pattern depicts symptoms not involving digits 1, 2, or 
3. 19 Palm symptoms are not part of the classic pattern because the palmar cutaneous branch of the 
median nerve does not travel through the carpal tunnel. 20 


D. CLINICAL SIGNIFICANCE 

1. DIAGNOSING CERVICAL RADICULOPATHY 

EBM Box 64-1 presents the diagnostic accuracy of bedside examination for cer¬ 
vical radiculopathy as applied to patients presenting with neck pain, arm pain, 
or both. In these patients, the findings that increase the probability of radicu¬ 
lopathy the most are reduced biceps reflex (likelihood ratio [LR] = 9.1, see EBM 
Box 64-1), a positive Spurling test (LR = 4.5), and reduction of any arm reflex 
(i.e., biceps, brachioradialis, or triceps reflex, LR = 3.6). Findings that decrease 
probability of radiculopathy are normal rotation of the neck (i.e., can rotate to 
affected side >60 degrees, LR = 0.2) and the absence of arm muscle weakness 
(LR = 0.4). 

Despite its modest accuracy, however, the Spurling test should probably not be 
performed. In other studies of cervical radiculopathy, its sensitivity is only 9% to 
16%, 25,26 and in patients with rheumatoid arthritis, cervical malformations, or met¬ 
astatic disease, the test risks serious injury to the spine. 

2. LOCALIZING CERVICAL RADICULOPATHY 

EBM Box 64-2 presents the diagnostic accuracy of the motor, sensory, and reflex 
examination in patients with known cervical radiculopathy, illustrating the 
accuracy of findings in predicting the exact level of the lesion. According to 
these LRs, the best indicator of C5 radiculopathy is weak elbow flexion (LR 
= 5.3). A diminished biceps or brachioradialis reflex (LR = 14-2), sensory loss 
affecting the thumb (LR = 8.5), and weak wrist extension (LR 2.3) indicate C6 
radiculopathy. Weak elbow extension (LR = 4) and a diminished triceps reflex 
(LR = 3) indicate C7 radiculopathy, whereas normal elbow extensor strength 
modestly decreases the probability for this diagnosis (LR = 0.4). Sensory loss 
affecting the little finger (LR = 41-4) and weak finger flexion (LR = 3.8) indi¬ 
cate C8 radiculopathy. 

These LRs show that each of the indicator muscles discussed in Chapter 61 (i.e., 
elbow flexion for C5, wrist extension for C6, elbow extension for C7, and finger 
flexion for C8) predict the level involved (LRs = 2.3 to 5.3). The weaker a muscle 
is, the more significant its localizing value.’ Also, although certain sensory findings 
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Diagnosing Cervical Radiculopathy in Patients With 

r 

Neck and Arm Fain 









Likelihood Ratio 4 


Finding 
(Reference) 1 

Sensitivity 

(%) 

Specificity 

(%) 

if Finding Is 


Present 

Absent 


Motor Examination 

Weakness of any arm 

73 

61 

1.9 

0.4 


muscle 6 






Sensory Examination 

Reduced vibration or pin- 

38 

46 

NS 

NS 


prick sensation in arm 6 






Reflex Examination 

Reduced biceps reflex 6 

10 

99 

9.1 

NS 


Reduced brachioradialis 

8 

99 

NS 

NS 


reflex 6 

Reduced triceps reflex 6 

10 

95 

NS 

NS 


Reduced biceps, triceps, or 

21 

94 

3.6 

0.8 


brachioradialis reflex 6 






Other Tests 

Spurling test' " 1 ' 24 

12-92 

84-98 

4.5 

0.6 


Rotation of neck to in¬ 

89 

48 

1.7 

0.2 


volved side <60 degrees' 






"•Diagnostic standard: For cervical radiculopathy, nerve conduction studies, 7 ' 21 neuroimaging 
(computed tomography or magnetic resonance imaging), 23 ' 24 or MRI and surgery. 22 
'''Definition of findings: For Spurting test, see text. 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 
NS, Not significant. 

Click here to access calculator 


CERVICAL RADICULOPATHY (IF NECK AND ARM PAIN) 

Probability 

Decrease Increase 


LRs 


-45% -30% -15% 

+15% 

+30% +45% 

0.1 0.2 0.5 i 

■ i i i i i i i .. i 

2 

. i i 

5 10 

i 1 i i i i 1_i_l_i_ 


LRs 


Neck rotation >60° to involved side | 
Absence of arm weakness 


Reduced biceps reflex 
Spurling test positive 
Reduced biceps, triceps, or 
brachioradialis reflex 


Downloaded for Ahmed Othman (aothman@kockw.com) at Kuwait Oil Company from ClinicalKey.com by Elsevier on 
December 13, 2017. For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights 

reserved. 










EBM BOX 64.2 


Localizing Cervical Radiculopathy 





Likelihood Ratio 1 

Finding 
(Reference ) 

Sensitivity 

(%) 

Specificity 

(%) 

if Finding Is 

Present 

Absent 

Motor Examination 

Weak elbow flexion, detect- 

83 

84 

5.3 

NS 

ing C5 radiculopathy 5 

Weak wrist extension, de- 

37 

84 

2.3 

NS 

tecting C6 radiculopathy 5 
Weak elbow extension, de- 

65 

84 

4.0 

0.4 

tecting C7 radiculopathy 5 
Weak finger flexion, detect- 

50 

87 

3.8 

NS 

ing C8 radiculopathy 5 





Sensory Examination 

Sensory loss affecting thumb, 

32 

96 

8.5 

NS 

detecting C6 radiculopathy 5 
Sensory loss affecting middle 

5 

98 

NS 

NS 

finger, detecting C7 radicu¬ 
lopathy 5 





Sensory loss affecting little 

23 

99 

41.4 

NS 

finger, detecting C8 radicu¬ 
lopathy 5 





Reflex Examination 
Diminished biceps or bra- 

53 

96 

14.2 

0.5 

chioradialis reflex, detect¬ 
ing C6 radiculopathy 5 





Diminished triceps reflex, de¬ 

15-65 

81-93 

3.0 

NS 

tecting C7 radiculopathy 5,6 






*Diagnostic standard: For level of radiculopathy, surgical findings 5 or electrodiagnosis. 6 
'"Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 
NS, Not significant. 

Click here to access calculator 


LOCALIZING CERVICAL RADICULOPATHY 

Probability 

Decrease Increase 



-45% -30% -15% 

+15% 

+30% +45% 

LRs 
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Sensory loss little finger, 
detecting C8 lesion 
Diminished biceps or 
brachioradialis reflex, detecting C6 
lesion 

Sensory loss thumb, detecting C6 
lesion 

Weak elbow flexion, detecting C5 lesion 
Weak elbow extension, detecting C7 lesion 
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are diagnostic (e.g., sensory loss affecting the little finger of C8 radiculopathy, LR 
= 41-4), fewer than one in three patients with cervical radiculopathy has any sen¬ 
sory loss; therefore the finding of normal sensation is never a compelling argument 
against cervical radiculopathy (i.e., negative LRs for all sensory findings are not 
significant). 

Importantly, the LRs in EBM Box 64-2 apply only to patients with cervical radicu¬ 
lopathy. Patients with carpal tunnel syndrome may also develop hypesthesia of the 
thumb, and those with ulnar neuropathy may develop hypesthesia of the little finger, 
although in these patients, the arm reflexes and arm and wrist strength are normal. 

3. PLEXOPATHY IN CANCER PATIENTS 

If brachial plexopathy develops in a patient with cancer who has received radiation 
near the shoulder, the question arises whether the plexopathy is due to metastatic 
disease or radiation injury. Findings increasing the probability of met astatic involve¬ 
ment are motor and sensory findings confined to C7-T1 (LR = 30.9) and Horner 
syndrome (LR = 4-1). Findings increasing the probability of radiation injury are 
motor and sensory findings confined to C5-C6 (LR = 8.8) and lymphedema of the 
ipsilateral arm (LR = 4.9). 2 ' 

4. PERIPHERAL NERVE INJURY: DIAGNOSIS OF CARPAL TUNNEL 
SYNDROME 

EBM Box 64.3 summarizes the diagnostic accuracy of findings for the most common 
peripheral neuropathy of the arm, carpal tunnel syndrome. According to this EBM 
Box, three findings modestly increase the probability of carpal tunnel syndrome: 
diminished pain sensation in the distribution of the median nerve (LR = 3.1), a 
square wrist ratio (defined in footnote of EBM Box 64-3, LR = 2.7), and a “clas¬ 
sic” or “probable” hand diagram (LR = 2.4; see Fig. 64-5). The finding decreasing 
probability of carpal tunnel syndrome the most is an “unlikely” hand diagram (LR 
= 0.2). Several traditional tests—such as the Tinel sign and Phalen sign and other 
novel ones such as the pressure provocation and flick signs (defined in a footnote in 
EBM Box 64-3) —do not distinguish carpal tunnel syndrome from other common 
disorders that cause hand dysesthesias (such as polyneuropathy, ulnar neuropathy, 
or radiculopathy, using electrodiagnosis as the diagnostic standard). 1 


EBM BOX 64.3 


Diagnosing Carpal Tunnel Syndrome 


Finding 
(Reference ) 1 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 
if Finding Is 

Present 

Absent 

Hand Diagram 
“Classic” or “prob¬ 

64 

73 

2.4 

0.5 

able” 19 

“Unlikely” 19 

4 

77 

0.2 

— 

Motor Examination 
Weak thumb abduc¬ 

37-66 

62-74 

1.8 

0.5 

tion 28 ' 30 

Thenar atrophy 29 ' 32 

4-28 

82-99 

1.7 

NS 


Continuec 
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Diagnosing Carpal Tunnel Syndrome* 

— cont’d 





Likelihood Ratio 1 

Finding 

Sensitivity 

Specificity 

if Finding Is 

(Reference) ' 

(%) 

(%) 

Present 

Absent 

Sensory Examination 

(Median Distribution) 



Hypalgesia 28 - 31 

15-51 

85-93 

3.1 

NS 

Diminished two-point 

6-32 

64-99 

NS 

NS 

discrimination 





Abnormal vibration 

20-61 

71-81 

NS 

NS 

sensation ’ 





Diminished monofila- 

59-98 

15-59 

NS 

NS 

ment sensation 33 ' 3 ' 1 





Other Tests 





Tinel sign 28 " 33 ’ 35 ' 36 

23-60 

56-91 

1.4 

NS 

Phalen sign 28 ' 33 ’ 35 " 39 

10-91 

33-86 

1.3 

0.7 

Pressure provocation 

28-77 

17-74 

NS 

NS 

test 28 ' 30 ’ 33 ’ 37 ’ 38 ’ 40 





Square wrist ratio 28, 41 

47-69 

73-83 

2.7 

0.5 

Flick sign 36 ’ 42 

37-93 

74-96 

NS 

NS 


^Diagnostic standard: For carpal tunnel syndrome, abnormal motor or sensory conduction within 
the carpal tunnel, measured by nerve conduction testing. 

^Definition of findings: For hand diagram, see Fig. 64.5; for all sensory findings, perception 
diminished in index finger compared with ipsilateral little finger ( two-point discrimination used 
compass points separated by 4 to 6 mm, vibratory sensation used 126- or 256-Hz tuning fork, 
monofilament sensation abnormal if >2.83); for Tinel sign, Phalen sign, and pressure provocation 
test, the positive response is paresthesias in the distribution of the median nerve, although each 
test uses a different stimulus—tapping on the distal wrist crease over the median nerve (Tinel 
sign), maximal wrist flexion for 60 seconds (Phalen sign), and firm pressure with examiner’s 
thumbs on palmar aspect of patient’s distal wrist crease for 60 seconds (pressure provocation 
test); 43 for square wrist ratio, anteroposterior dimension of wrist divided by mediolateral 
dimension, measured with calipers at distal wrist crease, is >0.7; 85 and for Flick sign, the patient 
is asked, “What do you actually do with your hand(s) when the symptoms are at their worst?” 
and in reply the patient demonstrates a flicking movement of the wrist and hand, similar to that 
employed in shaking down a thermometer. 42 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 
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| Hypalgesia 
Square wrist ratio 
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III. THE LEG 

A. INTRODUCTION 

Among patients who present with nerve complaints affecting the lower extrem¬ 
ity, the most common neurologic diagnosis by far is lumbosacral radiculopathy, 
which usually affects the L5 or SI roots (each is affected with about the same 
frequency). 4,44 ' 49 

B. NEUROLOGIC FINDINGS 

I. MOTOR 

Fig. 64-6 presents the innervation of the muscles of the leg, showing the relation¬ 
ship between different spinal roots (arranged in columns) and the different periph¬ 
eral nerves (grouped in rows). 

A. RADICULOPATHY 

Like radiculopathy of the arm, radiculopathy of the leg has two characteristics: 
(1) Weakness affects two or more muscles from the same spinal segment but dif¬ 
ferent peripheral nerves (i.e., all muscles innervated by same column in Fig. 64-6). 
For example, an L5 radiculopathy may affect both the dorsiflexors of the foot and 
toes (peroneal nerve) and inversion of the foot (tibial nerve). (2) Weakness may 
involve proximal nerves to the glutei muscles, producing characteristic weakness 


SPINAL SEGMENTS 

L2 

L3 

L4 

L5 

SI 

S2 

Proximal nerves 

Gluteus medius (gluteal nerves; internal 
rotation and abduction of hips) 

Gluteus maximus (gluteal nerves; 
extension of hips) 



















Femoral nerve 

Iliopsoas 

Quadriceps 












Obturator nerve 

Thigh adductors 










Sciatic nerve trunk* 

Hamstrings (knee flexion) 









Peroneal nerve* 

Tibialis anterior (dorsiflexion of ankle) 
Extensors of toes 

Peroneal lonqus (eversion of ankle) 














Tibial nerve* 

Tibialis posterior (inversion of ankle) 
Gastrocnemius 

Flexor digitorum (curl toes) 

















FIG. 64.6 INNERVATION OF THE MUSCLES OF THE LEG. This figure indicates those 
spinal levels that usually (dark blue shade ) and sometimes (light blue shade ) contribute to the cor¬ 
responding muscle. 4 ' 8,9,14 14,50,51 The sciatic nerve trunk divides above the knee into the peroneal 
and tibial nerves; therefore lesions of the sciatic nerve trunk affect the muscles of all three branches 
(indicated by the asterisk in the figure; see text). 
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and gait abnormalities (i.e., gluteus maximus gait and Trendelenburg gait; see 
Chapter 7). 

B. LUMBOSACRAL PLEXOPATHY 

Unlike brachial plexus lesions, lumbosacral plexopathies tend to affect the entire 
leg (L2-S1) simultaneously; discrete upper and lower plexus syndromes are rare. 52,51 

C. PERIPHERAL NERVE DISORDERS 

Peripheral nerve lesions weaken two or more muscles from a single peripheral nerve 
(which may belong to different spinal segments) and spare muscles from other 
nerves. For example, over 85% of patients with foot drop due to peroneal nerve 
injury have weak ankle dorsiflexion (L4-L5) and eversion (L5-S1) but preservation 
of inversion (i.e., same spinal segments but different nerve, the tibial nerve). 51 * 

The sciatic trunk divides into the peroneal and tibial nerves just above the 
knee. Lesions of the sciatic trunk may therefore affect any of the muscles listed 
under sciatic trunk, peroneal nerve, and tibial nerve in Fig. 64-6. Most patients 
with sciatic neuropathy have either greater involvement of the peroneal division 
(75% of patients) or equal involvement of the peroneal and tibial divisions (20% 
of patients). A sciatic neuropathy with greater involvement of the tibial nerve 
muscles is uncommon. 55 

The finding of weakness predominantly of the proximal leg muscles is unlikely 
in sciatic, peroneal, or tibial neuropathy because all of these nerves innervate 
muscles below the knee. Therefore proximal weakness suggests femoral or obtura¬ 
tor neuropathy, lumbosacral plexopathy or radiculopathy, or, if sensory findings are 
absent, muscle disease. 

2. SENSORY FINDINGS 

Radiculopathy causes sensory loss in a dermatomal pattern (see Table 62.1 and Fig. 
62.1 in Chapter 62); peripheral nerve lesions cause the sensory loss described in Fig. 
64-7; and lumbosacral plexopathies tend to affect the entire leg. 

A pure sensory syndrome is meralgia paresthetica, which consists of hypesthesia 
of the anterior and lateral thigh, usually caused by mechanical compression of the 
lateral femoral cutaneous nerve (e.g., obesity, pregnancy, or a carpenter’s belt). 51 ’ 

3. REFLEXES 

The two muscle stretch reflexes of the leg are the quadriceps reflex (femoral nerve, 
L2- L4) and Achilles reflex (tibial nerve, SI). The peroneal nerve does not con¬ 
tribute to the Achilles reflex. Consequently, in patients with foot drop, the finding 
of an asymmetrically diminished or absent ankle jerk decreases probability of pero¬ 
neal palsy and increases probability of sciatic neuropathy (87% have an abnormal 
ankle jerk) 55 or lumbosacral radiculopathy (14% to 48% have an abnormal ankle 
jerk). 12 ' 44 ’ 48 ' 57 ' 58 

4. PROVOCATIVE TESTS 

The straight leg raising test is a traditional maneuver used to diagnose lumbosacral 
radiculopathy, which is usually caused by disc herniation. In the maneuver, the 
clinician lifts the extended leg of the supine patient, flexing the leg at the hip. In a 
positive response, the patient develops pain down the ipsilateral leg (if pain devel¬ 
ops just in the hip or back, the test is considered negative). The crossed straight 
leg raising maneuver consists of pain in the affected leg when the clinician lifts the 
contralateral healthy limb. The pathogenesis of the sign is believed to be stretching 
of the sciatic nerve and its nerve roots. 59 
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Femoral nerve 



FIG. 64.7 SENSORY BRANCHES OF THE PERIPHERAL NERVES OF THE LEG. The two 

figures on the left depict the front surface of the leg; the two on the right, the sole of the foot and 
back of the leg. The sciatic nerve trunk divides above the knee into the peroneal and tibial nerves; 
therefore, lesions of the sciatic nerve trunk affect sensation from all three branches (i.e., posterior 
thigh, posterior cutaneous nerve of the thigh; lateral calf and top of foot, peroneal nerve; and sole 
of foot, tibial nerve). 


A positive straight leg raising test is sometimes called the Lasegue sign, after the 
French clinician Charles Lasegue (1816-1883), although Lasegue never published 
a description of the sign. His student Forst described the maneuver in his 1881 
doctoral thesis, crediting Lasegue. An earlier description of the sign was published 
by Yugoslavian physician Lazarevic in 1880. 60 ' 63 

The femoral nerve stretch test was designed to confirm an upper lumbar radic¬ 
ulopathy (i.e., L2 to L4 roots). In this test, the patient is positioned prone and 
the clinician passively flexes the knee of the patient’s affected limb. The positive 
response is pain in the patient’s back and anterior thigh, presumably from stretch¬ 
ing of the irritated upper lumbar roots. 63,6 ' 1 

C. CLINICAL SIGNIFICANCE 

I. LUMBOSACRAL RADICULOPATHY 

EBM Boxes 64-4 and 64.5 review the diagnostic accuracy of the bedside examina¬ 
tion in patients with nerve pain in one leg (i.e., sciatica). EBM Box 64-4 applies 
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Diagnosing Lmnhusacnd Radiculopathy 
Sciatica 

in Patients With 

Finding 

(Reference) 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 7 
if Finding Is 

Present Absent 

Motor Examination 

Weak ankle dorsiflex- 
ion 48 

54 

89 

4.9 

0.5 

Ipsilateral calf wasting 48 

29 

94 

5.2 

0.8 

Sensory Examination 

Leg sensation abnor¬ 
mal 48 ’ 57 ’ 58 ’ 65 

16-50 

62-86 

NS 

NS 

Reflex Examination 

Abnormal ankle 

jerk 48 - 57 - 58 ’ 65 

14-48 

73-93 

2.1 

0.8 

Other Tests 

Straight leg raising 

maneuver 45 ’ 48 ’ 58 ' 65 ' 69 

53-98 

11-89 

1.5 

0.4 

Crossed straight leg rais- 
ing maneuver 48 ’ 66 ' 68 ’ 70 

22-43 

88-98 

3.4 

0.8 


^Diagnostic standard: For lumbosacral radiculopathy, surgical findings, 45,48,66,67 electrodiagnosis, 57 
magnetic resonance imaging or computed tomography 58,65,68,69 indicating lumbosacral nerve root 
compression. 

■^Definition of findings: For ipsilateral calf wasting, maximum calf circumference at least I cm 
smaller than contralateral side; 48 for straight leg raising maneuvers, flexion at hip of supine patient's 
leg, extended at the knee, causes radiating pain in affected leg (pain confined to back or hip is 
negative response); for crossed straight leg raising maneuver, raising contralateral leg provokes pain 
in affected leg. 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


LUMBOSACRAL RADICULOPATHY 

Probability 

Increase 


Decrease 
-45% -30% -15% 


+15% +30% +45% 


LRs 


0.1 
_!_ 


0.2 0.5 


J_L- 


_l_ 


2 
■ i. 


10 

-i~i— 


LRs 


Straight leg raising maneuver negative 


I Ipsilateral calf wasting 
Weak ankle dorsiflexion 
Crossed straight leg 
raising maneuver positive 

Abnormal ankle jerk 
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EBM BOX 64.5 


Localizing Lumbosacral Radiculopathy 





Likelihood Ratio 7 

Finding 

Sensitivity 

Specificity 

if Finding Is 



(Reference)' 

(%) 

(%) 

Present 

Absent 

Motor Examination 

Weak knee extension, 

38-48 

89-90 

4.0 

0.6 

detecting L3 or L4 radicu¬ 
lopathy 3 '’ 63,71 





Weak hallux extension, 

12-62 

54-91 

1.7 

0.7 

detecting L5 radiculopa¬ 
thy 44 ’ 48 ’ 57 ’ 63 





Weak ankle dorsiflexion, 

37-62 

51-77 

NS 

NS 

detecting L5 radiculopa¬ 
thy 48 ’ 77 





Weak ankle plantarflexion, 

26-45 

75-99 

NS 

0.7 

detecting SI radiculopa¬ 
thy 48 ’ 57 





Ipsilateral calf wasting, de- 

43 

82 

2.4 

0.7 

tectingSl radiculopathy 48 





Sensory Examination 
Sensory loss in L5 distribu- 

20-53 

77-98 

3.1 

0.8 

tion, detecting L5 radicu¬ 
lopathy 44 ’ 48 ’ 72 





Sensory loss in SI distribu- 

32-49 

70-90 

2.4 

0.7 

tion, detecting SI radicu¬ 
lopathy 44,48 ’ 72 





Reflex Examination 
Asymmetric quadriceps 

29-56 

93-96 

8.5 

0.7 

reflex, detecting L3 or L4 

radiculopathy 44,57 ’ 63 ’ 73 





Asymmetric medial ham- 

57 

91 

6.2 

0.5 

string reflex, detecting L5 
radiculopathy 74 





Asymmetric Achilles reflex, 

45-91 

53-94 

2.7 

0.5 

detecting SI radiculopa¬ 
thy 44,48 ’ 57 ’ 72 ’ 73 ' 75 





Other Tests 

Femoral stretch test, detect¬ 

52 

98 

31.2 

0.5 

ing L2-L4 radiculopathy 63 






^Diagnostic standard: For level of radiculopathy, surgical findings and preoperative myelography, 
44 , 48 , 72 , 73,75 magnetic resonance imaging, 63,71 or electrodiagnosis. 57 

^Definition of findings: For weak knee extension, manual muscle testing 57 71 or the sit-to-stand test 
(with the clinician holding the seated patient’s hands as a balance aid only), the patient is unable to 
stand using the affected leg; 63 for ipsilateral calf wasting, maximum calf circumference at least I cm 
smaller than contralateral side. 48 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 

Continued 
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LOCALIZING LUMBOSACRAL RADICULOPATHY 

Probability 

Decrease Increase 

-4r- -- — ———— - —- -—► 

-45% -30% -15% +15% +30% +45% 



Positive femoral nerve stretch 
test, detecting L2 to L4 lesion 
Asymmetric quadriceps reflex, 
detecting L3 or L4 lesion 
Asymmetric medial hamstrings 
reflex, detecting L5 lesion 
Weak knee extension, detecting 
L3 or L4 lesion 
Sensory loss dorsum of foot, 
detecting L5 lesion 
Asymmetric Achilles reflex, detecting 
SI lesion 


to all patients with sciatica. EBM Box 64-5 applies only to patients with known 
lumbosacral radiculopathy and addresses how accurately findings localize the level 
of the lesion. 

In patients with sciatica, the findings that increase the probability of disc her- 
niation and lumbosacral radiculopathy* are calf wasting (LR = 5.2), weak ankle 
dorsiflexion (LR = 4.9), the crossed straight leg raising maneuver (LR = 3.4), and 
the absent ankle jerk (LR = 2.1). A negative straight leg raising maneuver modestly 
decreases the probability of disc herniation (LR = 0.4). 

Some clinicians propose performing the straight leg raising maneuver in the 
seated patient whose hip is already flexed at 90 degrees; the maneuver then consists 
of simply extending the knee. Two studies,' 1 ’ '' however, have demonstrated that 
this maneuver has diminished sensitivity compared with the traditional maneuver 
performed with the patient supine. 

In patients with sciatica and lumbosacral radiculopathy (EBM Box 64.5), an 
abnormal quadriceps reflex (LR = 8.5) or weak knee extension (LR = 4) points to 
the L3 or L4 level. A positive femoral stretch test also localizes the lesion to the 
upper lumbar level (L2 to L4; LR = 31.2). The best test for L5 radiculopathy is an 
asymmetric medial hamstring reflex (LR = 6.2) or L5 sensory loss (dorsum of the 
foot; LR = 3.1). The best predictors for the SI level are sensory loss in the SI distri- 
bution (lateral heel, LR = 2.4), reduced Achilles reflex (LR = 2.7), and ipsilateral 
calf wasting (LR = 2.4). 

As discussed earlier, the finding of proximal muscle weakness (top row of Fig. 
64-6) in a patient with distal limb symptoms convincingly argues for radiculopathy 
and against peripheral neuropathy. As an example, in one study of patients with 
foot drop from various causes, the finding of ipsilateral hip abductor weakness (i.e., 
gluteus medius weakness) accurately detected lumbosacral radiculopathy (sensitiv¬ 
ity = 86%; specificity = 96%; positive LR = 24; negative LR = 0.1).' 


t An L4-L5 disc compresses the L5 root and an L5-S1 disc compresses the SI root. 
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2. LUMBOSACRAL PLEXOPATHY 

A. CANCER PATIENTS 

In patients with known cancer and prior pelvic irradiation who present with lum¬ 
bosacral plexopathy, findings confined to one leg increase probability of recurrent 
tumor (LR = 4-5), whereas findings in both legs increase probability of radiation 
plexopathy (LR = 7.5). 52 

B. DIABETIC AMYOTROPHY 79 ' 83 

Diabetic amyotrophy (or diabetic proximal neuropathy) is a lumbosacral plexopa¬ 
thy of diabetic patients with presenting symptoms of weak thigh muscles and severe 
pain in the thighs, back, or both. The quadriceps, adductor, and iliopsoas muscles 
are weak 100% of the time and the glutei and hamstrings 50% of the time (all are 
proximal muscles). The weakness may be unilateral or bilateral, but it is always 
asymmetric. Sensation is normal (70% of the time) or diminished over the thigh 
(30% of the time). The quadriceps reflex is absent in 80% of patients. 

Although patients with diabetes also develop femoral neuropathy, 84 this affects 
only thigh flexion and knee extension and spares other proximal leg muscles. 

The references for this chapter can be found on www.expertconsult.com. 
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